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OBSERVATION OF THE NEW SHORD-LIVED PARTICLES
IF NUCLEAR EMULSTON EXPOSED T0 PROTONS WITH
THR MOMENTUM 400 Gev/c.™’

M. ¥.Chernyaveky, A.A.Komar, G.I.Orlova,
N.A.Salmanove + M, I.Tretyakova

Lebedev FPhysical Institute, Moscow.

Abstract.

As 8 result of scenning up to 1000 the neigbbourhood of
the 1120 sters, produced in nuclear smulgion by 400 CGev/c pro-
tone, after carsful analyais 9 secondary stars were singled out
which were interpreted as decays of the charmed particles. Maas
values of the decaying particles agree with this interpretation,
All decays took place at the distances not exceeding 10044 from
the primary star. Estimated life-time of the decaying particles
is 2:10'14 sec. Crosa-section per nucleon for the charmed par-

ticle production from this experiment is about 120 jub

*) Preliminary results of this investigation were treated in
the diploma work of N.A.Sslmanove, Moscow University,
December 1977 (unpuhlished).




I. Introduction

-During past few years a number of a.nomaloua events in
nuclear emulsiona bombarded by the proitons with the energy of
hundreda Gev haa bsen observed ithat could be aascribed io the
production and decayvor the charmed particles (1-4] « Although
the gtatistics of such events was rather poor estimates indi-~
cated that the oross mectiion (per nucleon) of the processes
causing these events G’; way not too small and equaled
approximately 100 pb . {(Different estimate of the cross
gection of the charmed particles production has been given
in the paperv(S] about which see below),

Mentioned above value of the cross eection G,Jh recently
peemed to oontradict negative resgults of the counter experiments
ssarch for charmed paxticles production in hadronic interac-
tions [6-8] , which were commonly interprated as evidence of
the emall velus G,fh { ¢ { mb ) . ™his interpretation
was, however, dropped with estebllshing of the amall values of
the branching ratioe of those decay modes of 1) ~ mesons (KJi,
KIS ), which were usually selected fur tneir pearch in coun-
ter experiments. With account of these branching ratio valuss
existing data of counter experlmenti do not rule out G:\;\ on
the level of tens microbarn.

The additional vﬁr‘y sarious svidenoe for the considerable
values of G;h follows trom the recent experiments on dirsct

aeutrinos [10-—12} » under assumption thet they originate from
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ti:g decey of the charméd particles produoed in hadronic colli-
efona. In the 1ight of these dats indications to high values of
6,;'\ obtained earlief in emulsion experiments ahould be vie-
wed quite diﬂerantly. o
" It has been mentioned slready that the results of [5) are
in contrast with the results of other nuclear emulgion worksa.
Iixe authors of 15} gave the limtt jS’h ¢1,5 pab . It seems
to us that this c&ﬁo!unén_ii in-eufficiently motirated because
selection criteris, adopted in [5} , had some disput-able po-
inta. For instance: .
1. s11 V'S thst had an angle between the tracks - ¢ 3° were
treated as €'@~ . pairs without analysis of the nature of
the perticles (in partiocular without studying emergy losges .
along the tracks).
2. all narrow groups of particles produced in secondary inte-
ractiong wers not considersd among possidle candidates for the
decaye of charmed particles.

These two criteria could sliminate from the memple a conai-
derable part of the évents with the produced cherm and hence
1#ad to undersstimation of G,:h . An evidence in favour of
thies suggestion 1ie thq definite exceps in the zample of the
rclean® pecondery stars originating from neutral particlies
which, however, is not discussed in ths papsr,

Being inspired by the Indicatlons of the raletlvely high
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rate of charmed particle production rollowing from at least
part of-the emulsion works,including our work_-vhj , about a
year ago we atarted a systematic search for the shori-lived
particles in nuclear emulsion irradiated by 400 Gev/c pro-
tons., The aim of this work wes to indremse the statistiasof
the events, which could be associatad,wi‘th' charmed particle
production and to make an estimate (1f 1t would be possible)
of thelr 1ife-time.

II., Experimental methods

Thip work has been performed with the pellicles of the
BR-2 nuclear emulsion irradiated by 400 Gev/c protons at
PNAL. The protor beam wes incident parallel to the emulsion
plane (within 2°1073 rad aocumoﬁ). Its intensity wae
{ 244 Jotot p/cmz. The angular ispread of the besi was about

104 rad. The pellicla pire waz 10x20 om?

, 1ts thickness
{befars development) - 550 ¢ 600n . The sensitivity of thile
betch of the emulsions Lo the rolatiﬂ'stic t:c"acka wag 26 grains
par 100 p0 . To determine the extent of distortione the plates
wexe expomed to the baam perpendicularly to the emulsion plane
ﬁnd the plates with minimal distortion were chosen for the
axperiment. :

fhe search for the interactions along the tracke of inoi-
dent protons and snalyals qf the producsd stars simed at

' pleking out siares with umusual properties have been carvied out
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with the help of NBI-9 microscope at magnification 60x15x1.
Further analyeins of ‘the eventss measurement of angles, momenta,
ionls’atio;:‘ of the secendary pirticles hava been perfoimed using
KSN-1 microscopes. The momenta of the secondary particies were
meagured by multiple doulomd scdtiering with mean accurscy

15 ~ 20 imr (;e!its.

2. Motho§ of decar mesieh

In the process of esitlaitn scanning 1120  primary proton
ttiteractions lstars) have beeh found, In search for secondary
intersctions or dééaya of short-1ived particles the forward
cone of the stars wis caréfully examined up to the distances:

v a®k « fooom
AY s tésop
AY ot 50)m _
where X - axis was oriented along the beam direction, Y -
axis lay in the emulsion plane, and % - axis was perpendiculsr
to them. Values AX , aY and AX correspond to the maxi-
mut sngle of particle fiight relative come axis 2 4°,

The scanning was earried out along X ~ sxis in bands,
100 wide each. The setondary intéraction wae conslderad as
possible candiddte for decay, providead
1) There were no black and grey tracks recoil nuclei and

ﬁ - electrons

2} the muber of relativigtic particles Mg was even or odd
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depenuding on the charge of & decaying particle (. 0, 1€ ).
If the secondary interaction or decay took place inaide

the oxamined band, one could see a typical picturs presénted at

Fig.1, It interaction or decay took place in the previous
100 band, this cquld be established by tha présence of the
group of tracka which intersected the tracks from the primary
star and visually seened to mest at the point, different from
the star ve tex, In cases when such tracke were found in the
field of microscope viaion, they were followed back to the
star up to the poini of their intersection. This method allo-
wed to detect secondary interactilons in wiich particies flew
out at the angles B £1072 rad "relative the direction of
£light of the particla, which generated the event, The coor-
dinates of vertecea of ths secondary stars were fixed relati-

ve the vertex of the primary ster.

3. Seaych method of naryow V-eventsg,

Inside of the scanned area two close tracks nearly
parallel to esch other, having minimum ionization and di;‘ec--
ted towards the astar vertex ware looked for. After being
found these tracks were traced back up to the vertex of {he
V-event. Then angles ¥= %—% anda d= %—% were caloula-
ted for the V-event vertexr and near-by point along the tracks
It within’ expsrimental errors these angles coincided V-avent
was considered as releted to thnb primary star. This method

f‘@i
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allowed to detoé§ V-svents with opening angle £ 0,1 xrad.

| If 1t was difficult to establish visually the position
of V-avent vé,rth (due to a lergs number of other tracks)
fhen '9; '—‘ooox"di:_natos of the noishbéuring tracks were mea-
sured in equal dint{u’ma‘s énd from the rssults of these measu-~
rements the :l_nt-ornetio’n point .( V-avent vertex) haa been
found. A schepatiig dr;wihs showing fh.is procedurs of V-

_event search is presented at Fig.2.

. . : ) alysia of
The @*@~ - pairs were singled out among %ﬁ%ﬁ‘i?}"
spacitic intsflation of the opening angles of the tracks and
their no_nantui and ionization values. Typical openins angles
for the main part of the V-events are > 102 rad, Such ang-
les are charsoteristic of the €%@~ - pairs in which at

least one of the componenis has energy ¢ 100 Mev. This allows

to 1dentify easily type uf the pﬁrtiole forming V-svent
because st 100 Mev oven T - mesons have increased foniva-
tiom. _ o '

In order to exlude uufationa of the secondary interac-
tiong, duo to the fluctuation of the 3:;3111 density, measure-
ments o:t‘» the ionization along the tracks of the primary pro~
tons have been made and probability distributiona for fin-
ding certain amout of grains in intervals 15, 30& , 45
and 60 M have heen constructed (Fig.3).
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II1, Expoerimental data

1. General summary and clasaification of the events

An a result of the analysis of 1120 primary astars 14
secondary etars with black and grey tracks have been roundr)
what agreed with expectations, Besides that 1 a&condarj
stare of the 040+ Ng type were found, while the expected
number should constitute 1/10 of 'th. number of secondary
_stars 'ith black and grey tracks, f{.e., 1-2. Oeneral charac- 3\
teriatics of these starg are given in Table 1. These stars
becsme the objeot -of further analysis. In the .process of thias
.analysiss '

1. events Eo 10 and No 16 wers exoluded ;’r&n the possible
candfdates to the charmed psrticle decay becauss svent KNo 10
had a track with a large deep angle and a type of the evmt
No 16 oould not be dstermined (either decay of the nentral
_particle into iwo oharsod ones or deoay of the ohargad par-
ticle into three chargod products)’

2. event No 7 turned aut to be the cese of the €%@~ - pair,
produced by hadron in the Goulomb fiold of the emulsion

aucleus.

3« eovents No 13 and JNo 18, as it bhecame clear, were connected
with the cases when ) - quantum coming outfrmthe primary
atar produced €Y@ - pair in & close ivi'cin:lty of charged
particls track, so that within experimentel accuracy the pair

1"”!.ru:_1ut’u.rug 2 stars, generatad by the neutral particles
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vertex meemed lying oun the track. Rature of pair components
was sstablished by characteristic energy losses along the
tracks. In this cases a" - quants flew very close to the
charged perticls track (sngle & 106" raa ).

" 4. - events Wo¥o 1,2,3, 4 11,14 and 21 f:umod out tc be formed

by ete-— pairs with large opening angles} 0,4°; 0, 5%; 1,3%
0,4%3 0,5%; 0,5 0,5% 0,2° . Por this reason these events
were Tirst considered as having hadromio naturé and only mo-
mentum meastiring and especially esteblishing ‘6f the momentuni
cm‘mgo allowed to identify particles forming pairs am eleots

rong. '
8, events No¥e 5,6,8,9,12, 19”"9,20 were attribuhd 40 the
decays of the short-1ived particlea {they are marked by ¥ in

- Pable 1). These events broke into folloyinc groupes

a) two decays of the charged particle into three charged
ones (type 0+043p, svents ¥o 17 and Ho 19).

B} four donaya of the neutral particle into two oharged
ones (type 0+048n, eventa ¥o 6,12,15,20)

o) three &scays of ihe neutral particle into four oharged
ones (type 0+0+4n, events Wo 5,8,9).

2. Decays of the 0+0+43p type

The farge't disgrams for the stars in which sush decays
woxe found (events No 17 and No 19) ere shown in Hg's 4
and 5. Cherssteristics of the decay products sre given in
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Table 2, The decays occured at the distances 30/ end CS}I
from the primary star. In both cages ﬁireet‘imA ot rlight_ of
the decaying particle and 1ts decay products do not contredtct
tl}o dssunption of abaence of the neutrel decay bﬁduct_‘n. Pos-
sible varients of the fdentiffeation of tha decay products and
éorroapondins vaiues of masg of the decaying p‘artiolé “are
showh in Table 3. From the Tabdle 3 it La clear that 12 one ‘
apsumes prennco o! baryon anong the decay products eno gots
in some varianta tor the masses of the decaying partioles
values (underlined) close. to the mass of charmed bafyon. In
combination with the short decay length this is a Serious
indication that these events are the exemples of the chnmod
partiole decays. This conclusion 1is also mppérted by the
estimate of the number of secondary stars of the type 0+0+3p
expectad on 1 mim in all observed stara.

WMeeinn nultip‘.licity of the olmrgod rehtiﬂstic particles in the
forward cone (Ous4%) 1 {nsY = 6 (this 1s mostly TV -
memons). Effactive total length of all tracks owod in this
experinent is Leff  6:1120:10 Tem = 672 cm, A mean fres
path for inelastic interaction of the piona in $he emileion

is vvl.int = 45 cm, The total number of sécondary stare is

thus -E:—:{—— - 672/4‘5 = 15, From them "elean" stars
constituts 1/10, i.e. their number shiould be equal 12,

© end fyaction of the stars of the 040+3p type according to
the nuclear emulsién date is about 1/5 ¢+ 1/10 of all "clean"

sters. This makes their number £ 0,4,
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Obgserved avents of the Q+o+3p type are rather "narrow". Nar-
row flying groups of particles usually originate in the pro-
ceas of cohavent generatlon on emulsion nuclei. Free path Acoh
for coherent generstion of the triplets with 1‘: Sin Bi < 0,4
varies (for different energies) from 16 to 75 m, let us
take 7‘@.: 40 m. Then tiu eéxpectsd number of narrow 040+3p
stare is 6,7/40 = 0.1, what is much less than the observed
number 2,

let uas noticé that total estimated number of gecondary stars

(15) 1@ in good agreemant with observed number 12+0,1-12 = 13,

3. Decays of the 0i+0+2n type

The targst diagrams of the corresponding stars (events
loﬁo 6,12,15,20) are presented in Pig's 6-9. Angles and momenta
of the particles forming V-events sre given in Table 4. V-
svents originated at the distances 25 . 29p , 35 puoand 2244
from the centred of prulari etara In 81l cases data agree
with absence of neutral dscay products.

Possible valuss of massss of the decaying particles under
_vdﬂ&s ageumptions about the mature of ‘the decay products ars
given in Table 5. Dne sghould notice that in cases when baryon
is present among the decdy products masses of the decaying
particlés in some variants (underlined) are closs to the mass
of the charmed baryon { 2,25 Gev/e2 ). This peculiarity of the

analyzed events as that for the decays 0+0+3p was considered
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by ua. a8 en evidence in favour of the dotecti_o#charmad baryon
deceya.
pecific background for ﬁadronic V-avents arises from the

H} > 5" anda A PAT decays. Their contributien is
Wowever small. To evaluate it ww have inoluded in Table 5 the
decay modes: FT end pﬂ _ « One can gee that in cese of the
975( mode only for the event 10 - 70 - 90 we obtain invariant
moss clase to Kg nags. Energy of the decaying pe.rticle in
this case is equal 45 Gev and K‘- ;%" % 90. Gorreaponding
decay length of K$ 1s ~ 250 cm end probability to
detect its decay on 25 1s equal 1(_)"5, 1.8, oxtromely small.

Another way to mee that the background dus to K: - 'fc".’ﬁ -

dacayé ta negligible is to estimate the expected number of K:-
decaye on the distance of the order 30 in all observed stars.
Taking into account that on the average 0,1 K; decaylng
inte Ji*51" 48 produced per star (ascording to IU} ) #nd
4 E.K‘i > 10, for the expecied musher of K: we get value
;eaa than 1120'0 1 39&%0—‘— -4 10"! againat cne poaaibls
candidate. The probability of such deviation from the expected
punber is sufficiently small. The sttuation with the A= Pﬁ‘
decuy is analogous., For this decay in alltcues .we can find
variants of identification giving invariant mass close to
/\ - maga, But this c‘;rcummfance is mogt probably - {he
accldental consequence of the momeritum combinatorics. Indeed
eg tlﬁ, avarage only 0,1 A ‘ is produced per atar {1‘3] and we
oan :pn{ X“A = 10 (for the considered events provided they

FERMILAB-CONF-78-136-E

are genuine A - decaya A"A would vary from 4 to 40). Then
for the expected number of’ N - decays (/\-’Pﬁ_) in tbe reglon
20+ 35M for all stars we get 112040,1¢ jj—é%gi 0,6 = 1073
whila we observed 4 eventa. Thus these evenke should have origin
noi comnected with Ks and A - decays. Fossible background
cauged by neutrel hadrons will be diascusased bslow.

4. Daceys of the O40¢4n type

Target diegrame of the stars, containing these decays
(eventa NoNo 5,8,9 of Table 1) are given in Fig's 10-12. Angles

and mamente aof the decsy'producta are presented in Table 6.

- The decaya vccured at the diafancu.ﬂaju sy 72« and 12 from

the sier centre respectively, All dscays of the 0+0+4n typz
hava additional peculiar features. In the event No 5 (10-70-002)
f the particle: ck N21
ra.na o¥Rs 1In nto thre
040+3p type). The probability of interaction on this lanath
leading o & "clean” trident 1s oqual 182107% 1072 4,106

In the event No B ( 10~70-148 ) one of the decay products (treck

rged cnea (star of the

Ko 3) ig ‘identified as en electron. Besides on the track No 6
of the other decsy product therevia a kiﬁk at the distance
195p from the decay point. Probability of hadron scaitering on
the length 195 18 very small ( <4¢107%) a1d one ot the pos-
aible explanation of the kink - registration of the decay -

".JQIIA

T -+~ NFU , though probability of such decay is ~ 2*10
the event No 9 (10-70-213) decay particle Wo 7 turped out to

be an eleciron, Moreover it was established that particls No 1,
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coming out from the centre of the primsxy star is alao aa elact-
ron. ‘ '
Peculiar features of the evente MoMo 5,8,9 described above; in
perticular presence of the aingle electrons smong secondaries,
indicate to fho nontrivial origin of these nyﬁtn and strongly
favour the idea that they are connected with the dpcﬁya of the
charmed perticles (in two cases wemileptonic decaya). For the
masses of these decaying particles one osn give only lower boun—
dary, becauass in the events No 8 and No 9 one shoyld suggest
preaence of the neutrinos and in the event No % for one of éhe'
decay products (track No 21) momentum had great uncersainty,
(Analysis showed that in its tm-fomqtion into three particles
neutral particle is also 1nvoliod).'lovqrthoigba Rags estinates
made for different identifications of the .desay products gave
values closé to 2 0"/02 (ses, for exampls, »i‘:lﬁle 7)e With ‘
socount of posaible baryonic nature of the trmck Mo 6 in the
event No B this svent most neturally could be treated as decay
of the charmed baryon. Events ¥o 5 aﬁg Ho 9 could be connected
either with oharmed meson or baryon dnq. . ' '

Secondary stars of the O+D+n end 0+0+4n  types could
in principle be generated by neutrons and poutrﬁl strange par-
ticles produced in the primary stnxjs. Batimates powevor sﬁow
that number of secondary atars fm this source is small,

In fact on the average 0,3 fut'aﬁ.lttmalm produeoqi» por-
atar. Their free path is 35 om, All oﬁ&v@d secondary stars
are found at distences, not exceeding .100_:“ . Total number of

0

.

e VNI - S
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secondary stars gegerated by neutrons on thia length should be
equal .%L!gﬂlﬂ:‘. . 11205y 0,1, Average number of neutral
strangs particles: in forward cone is 0,2 pu-v star. Their free
path 19 ~50 cme. Number o;t gecondary stars gensrated by them on
100 gt 18 93—'}89!-19'-4- 1120 = 0,04. Thus totsl number of se-
condary stars from neutrsl particlea is 0,14, "Clean” stars
ers only 1/10 of this numbei, 1.s. 1,4'50'2. And stars of
0+0+2n and 0+0+4n types sogether conatitute 1/5 of $he num-
ber of "clean” stars. Finally in our case oipqetod mumber of
secondary atars from'nmt.ral hadronas is 3k10'3 egainst 7 ob-

served.

IY. Disoussion.

Main eharactariutidd of the obaerved decays 5! the short-
lived particles are summarised in Teble 8. Pable shows the most
probable (on basis of mass estimates) decay modea, errors in
mass determinations, due to the inscouraciss in the momentum
measurenents and time pasmsed ti111l decay in the rest frame of
the decaying particles. It ohouid be noticed that if one assu-~
mes charmed natiie of thé vdocaying particles the majority of
the obmerved decdys are that of charmed baryons.

Another peculiarity of the discussed decays is connected with
the fact that all of them took place within 100 M fxom the
primary star centres. fhis is a serious indication o the or-
der of magnitude of the 1ife-time of the decmying particles.

on hasis of our data we have made an attempt to determine life-
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time of the detected charmed particles summing up all observed
cages of decay in the integral curve A/' C>‘t). Sowe Justifica~
tion of this procedure is the preyailing baryon nature of the
deceying particles. The curve J\/'(>2‘)15 ghown in Flg.13. It can
be seen that in semilogarithmic scale pointe are well fitted by
the streight line. From its slops one getas Tow= 2+10° 1% gec

S8ince decaying particles might in general be different types

of charmed baryons (and in gome cases mesons), rather small m\
spread of the points sround straight 1line could indicate to e’
the closeness of the life~times of the different types of

charmed baryons. Obtained valus of Ty= 2,104 see should
be considered as preliminary, It may be not quite correct be-
cause some decay events could be overlookad at large times
(respectively distances) especiaily when angles at which de-
oay products came out were large, &nd mome events could be
mipsed &t small times for which gcanning is difficult.

In each of the cases described sbove the decay of only
one particle, identified as chaimed, has been observed. The
only sxception is the event No 9 (10-70-213), in which there
ims an electron, coming out dirsctly from the primary star and
poasibly aignalling of the semileptonic decay of the second
charmed particle. Thus associative production was not reli-
ably observed. One of the possible reesons for that is a
shorter life-time of the second charmed partner (probably of
D - meson). For 'C'O’D
2010~ gec the decays of ,'.D -~ mesons will occur in the

‘several times smaller than
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vicinity of the star centre ( £ 104 ) and would he hardly
recognizable. There axa indications that this could be the
case in the event Ne 9 (10-70-213) and in the event published
earli.er[ﬂ.

In conclusion let us touch ubon the question of the char-
med particle production oross-section in hadromic collisiens
resulting from our data. Among 1120 stars we detected 9 events
which were interpreted as charmed particle deceys {plus pos-
sidle events No 10 and No 16 excluded as presenting. d:lfﬁoultj
for the analyeis). Hence for nuclear emulsion retio of the
yields ia Yom / YM‘ o 10-2 . Fros the .xporliants on J/V
production on nuclei [14] 1t follows that uppronnhly

(~3'v ﬂGv This allows one to asm.. that G‘ = A .

At tho samo tj/': )”.rvulablo data 15,16 give, that
+ Jince

YC
em
Yint‘
em
and at 400 Gev/o

102
3@—40—- mb =~ 120 pubd
1]

the charmed particle production in hadronie collisions evalu-

ch
Gy

6‘,’}” » 33 mb, one geis

» Thus cross-gsciion per nuclecn for

atedpn the basis of the presented data tums out be about

100 psb in the agreement with the deta on direot neutrinos

[10-12} .
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Table 1. "Clean" aeecondary stars.
No § Code numbar|Type of the istance [Typs of ihefrigin of the
of the event} primary to the asecondaxry § secondary :
i - star secondary | atar atar
fstar (}ﬂrx
1} 10-66-007 | 0+0417p | 155 | 0+0+2n ] e'o -pair
2 10-66-47 0+1+9p 70 0+0+2n n.n
3} 10-66-95 8+1+11p 270 0+0+2n n.u
4 1 10-66-116 2+1+10p 40 0+0+3n LA
5 10-70-002 154 3+20p 28 0+0+4n »*
6§ 10-70-90 542+1p 25 0+0e2n %
7} 10-10-122 | Mya7in0g015) 280 0+0+3p he'e”
81 10-70-148 T+7+26p | T 0+044n =
9 § - 10-70-213 1+94+7p 12 040+4n |
10 } 10-74-132 442+15p 78 040+3p @ »70° for
’ one of the
, § particles
1 111 10-74-200 } 8+5+27p 595 | 0+0+2n 1 e%e-pair
- 12 | 10-T4-236 | S+3+18p 29 . 0+0+2n »
13 } 10-74-252 440+3p 432 0+043p | e’o -patr
overlapping
S ‘ , with hadron
14 | 10-74-325 | 12+2436p 290 0+0+2n | e*e ~pair
15} 10-74-341 13+7+42p 35 04+0+2n '
16 | 10-78<25 | Np~10i051% 100 0+0+2n
1 . { h s or 0+4043p
17 1 10-78-97 1+3+35p 90 040+3p »
18§ 10-78-156 3+¢149p 34 0+0+43p ete -pair
. . ovorlapging
: . {with hadron
19 | 10-78-210 1+5+20p 63 0+043p o
20 1 10-78-277 6+12417p 22 0+0+2n *
21 | 10-78-211 § Np>10;np1d 150 | oroeen | oo -puir




Table 2,  .Angles and momente of the deoay producta

for 04+0+3p ‘aecondary atars.

Number of §

Code number nel " tum} Lengt] —
of the éventjthe track] 9 ol ‘(’3:3&)’ m'e‘gsl\:ri:itﬁ?l‘::gt“ 3
16 fo.a5 1 aetlS 49
- 10-78-210 | 17 0.62 | 188 |12 18
- 18 lo.75 ] 187 f11.5%1.7 50 .
, 0.49 § 29 [27%3 50 P
] - , .’
10-78-97 0.50 | 350 §9.2%1.6 81 4
: 3 JYo.59 §-356 . §12.8%e.7 67 '
, ' , >
Table. 3. Invariant masses for O0+0+3p decays.
Agsumed ¥ass (Gev/c®)
decay mode r—'mw———- - -
K2R 0.8 = 1.3 0.8 ~ 1,3
- pKR 1.8 1.7
xpk 2.4 2.2
%xp 2.2 2,7
K¥p 2.0 2:4
o 1.7 1.7
b L4 1.7 1.6
nyd 2.9 2.7
KL 2.4 2.2
1
b

2
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the secondary star Np28;M4=6

Table $. Angles and momenia of the decay products
for 0+0+2n secondary stars.
"¥ode numbar JMumber of mentum] Lengih Tor momentum
of the eventjthe track, 9 ¢ {‘[0 (Gev/c ){ measwvrment (mm)
2 fo.s5 {31.6 31177 8™
10-70-90 ¥ - ; . <)
3 1«55 72-2 ,15-6"3»4 34
10-74-236 } 5 ‘4.4 ] 54.8 | 2.8%0.4 44.8
6 [ 4.2 f 58.2 | 1.6%0.2 } 53.5
10-74-341 4 {28 {291 }1.9%0.3f 382
5 2.9 ] 303 }14.6%2.8 41
wore-217 4 ¢ |35 Pssie f r.ats 56.7
5 3.2 §39.2 ] 2.2%.4 | 78
xx), )
x) the gecondary star 2+148p

Table 5. Invariant masses for 0+0+2n decays.
Aasumed Mass (Gev/c®)
: decay mode
10-70-90 § 10-74-236 } 10-T4-341 10-76-277
AR 0.51 0.30 ©0.29 0.28
KE ©0.79 0.85 0.52 0.54
G 0.98 L 0,67 0.63 1.00
% p 1.7 1.2 1.1 1.2
o4 1.2 1.6 2.z 1.9
oK 1.4 1.7 2.3 1.5
Kp 1.8 1.4 1.6 1.3
R 1.5 2.9 2.9 1.4
%% 2.1 1.5 1.3 2.5
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Table 6. Angles and womenta of the decay products

for O+0+4n aecondery stars. Teble 7. Invariant masses for 0+044n decay.
‘ ) { 10-70-002)
.4 Code number [Number of 90 w‘o, HYomentum Length for moment
of the event]the track {Gev/c ). measurment (mm) 7
} vy 53] ) Asgumed i g sy/c
17 1.2 1 214 3.0-‘0556 45 decay mode -
18 1.3 } 168 [12.2%% 47 :
to-t0-002 § vo | 210 113 *1.3 " KRR 2.0
.8} 210 .5%3, :
- xx) RHR% 1.2
21 1.7 1 176 18 0.182 GEAHE 1.0
3 0,59 301 |0.69%0.23° 2 — - LG H 1.2
et ]
okl B BN B
«28-0, . 1 ‘ ' ' 2.4
10-70-148 | b.022%0.0077 | 1.2 | %g%% 2.1
A - 0.57{ 305 | 1.0%0.1 54 ] S44T 21
5 0.68{ 302 |14.622.2 | 46 , N =
6 0.56f 313 | 3.5%0.6°%) 49 1 ;ﬂﬁﬁﬂ 22
. + s .
5 0.30] 127 25;5 68.5 PAAK 3.8
6 0.28] 149 90-—2? 8 T2.5 X ig 2.7
- +1, p .
i 0-30 197 7-7_1.5 40-5 “Q ) 2.5
a0t 1 1s _ Ksp F 2.3
0.17%0-95 4 '
. _0'833
+{e
10-70-213 0.078%3: 332 1.9
8 0.33f 196 s0d10 . 92
1 0.s6] ea {o0.37%0.07° 5.4
0.55%0.09° 1.6
! 0.44%0,08° 7.4
i n.19%0.00 5
0.085%0.01% 3.8
- 0. 115001 8.5 r
P 0.50% 355 2gte 94
'x)the gecondary atar 7rlain xXJthe seccndery star Q+4043p ’

8 it tor 1954 thers 15 & kink {angle 1.5°). final momentun
(3.5'30‘6)%\,’/(3. .
Tndex g™ deviotes Tacl of scattering.

Index "s" denotes fact of scattering.


aseifrid
Text Box
Index "s" denotes fact of scattering.


Table 8. Characterestics of the decaying ‘parti’clea.'

No | Type of thel| Code ev.number} Distance | Zuv. k’ gﬂ
_ seoondary - !yrﬁa“ the from the 11 TP x’ '-ag {
atar p Iy star px}mﬂ atammgv/c ).
KX ' 10-78-210 63 2.2%.3 {33 fo.65}
. (145+20p) : B 4.0
} 0+0 +3p 1 .
2 ©10-78-097 | 20 2,1%.3 {23 }1.3
N (14+3+35p) { lﬁﬁ,P). | ‘
3 B 10-70-090 25 2.1%0,3 122 fo.4
C(5+2+21p) : RE) |
4 - 10-74-236 29 f2.0lo.2f22 |3.4 |
(5+¢3+18p) ' (fry | '
1 2+0+.2n . ‘ o )
5 L (55 T I 35 jaastezfe 1hs
(13+7+42p) [ TLP N S
6 | - 1078217 | me Jelsto.s {a.ze.s
o (6+12417p) | (Bx) 4§ |
71 ~f 10-70-002 ¥ - 28°7 [a.0%.4 f23 | 0.4]
: (15+3+20p) (K3 1
. . . 2.13-0.3
0+0+ dn : jlEm L
8 | io-70-148 17 ja.2%.3 a8 | 209,
(TeT+26p) D)} ]
s C o213 | 12 Jauste.s | 67 f 0.0
| (1e147p) | JteT) |

) g lpy =182M from the secondary star there is & atar 0+0+3p.
)

At lg = 195 from the secondary mtar there is a kink
. (angle 1,5¢), rinel momentum P} = (3.5%0,6)Gev/c.
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o¥

PMg.10 Target diagram of the. star 10-70-002
with the decay 0+0+4n {(trmcks 17,18,20,21).7]

ool o1
58 |
|

-
.

T v T™ - Y 0 ">
2 i odd 42 .
- 44

g, 11 Targat diagram of the star 10-70-148 witk

the decay O+0+4n (tracks 3,4,5,6).
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Integral distribution of the charwed

particles relative time paased {n thelr

regt frame up to the moment of Aecay.





